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ABSTRACT: The Meghna Estuary of Bangladesh experiences dynamic morphological changes due to heavy sediment 
discharge from the Ganges, Brahmaputra and Upper Meghna Rivers with annual rate of nearly billion tons. While 
morphology change strongly depends on various physical factors such as: river discharge, wind, waves and tides, tide-
induced circulation current dominantly determines the sedimentation process. On the other hand, the tidal current itself 
is also strongly affected by the dynamic morphology changes. It is thus essential to understand interactive features of 
tides and morphology change. The present paper focuses on the tidal characteristics of the Meghna Estuary. A 2D 
depth-average hydrodynamic model based on non-linear shallow water wave equations was applied to investigate the 
tidal characteristics. The tidal water level at the southern boundary of the computation domain was determined by the 
global tidal model (NAO.99b). The hydrodynamic model was first validated by the observed tidal water level data from 
the Meghna Estuary Study during 1997. Analyses of tidal water levels show that both at meso (2m~4m) and macro 
(>4m) tidal zones tidal asymmetry increases with proximity to the coast. Larger phase difference was observed in the 
north-south direction rather than the one in the east-west direction. The tide from the Indian Ocean travels faster with 
larger amplitude along the eastern coast. Also near the southern coast of Khulna and western coast of Chittagong and 
along the narrow tidal channels the estuary is ebb-dominated. Sensitivity analysis of the tidal characteristics to changing 
bathymetry was also investigated and it was found through the analysis that asymmetry, skewness and phase of the tide 
especially far inside the estuary was significantly affected by the morphology. 
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INTRODUCTION 
The Meghna Estuary region of Bangladesh is a 
unique environment where the constant process of land 
formation and erosion takes place due to the complex 
interactions between large river discharge, enormous 
sediment load, tidal forces and estuarine circulation. 
Movement of coastlines at this scale cannot be found at 
any other parts of the world (de Wilde, 2012). Based on 
satellite images for the period of 1973~2000, Meghna 
Estuary Study (BWDB, 2001) estimated the erosion and 
accretion in the region as 863.66 sq.km. and 1731.68 
sq.km., respectively, which gives a net accretion of 
508.02 sq.km. area at a rate of 18.8 sq.km. per year. To 
formulate long term development strategies in the region 
it is very important to recognize the characteristics of 
different physical factors that contribute to the erosion-
accretion processes in the Meghna Estuary.  
The lower Meghna River conveys the combined 
flows of the Brahmaputra, the Ganges and the upper 
Meghna rivers and the discharge into the Meghna 
estuary is dominated by these three major rivers. 
Catchment area is largest for the Brahmaputra river 
(1000 sq.km.) followed by the Ganges (573 sq.km.) and 
the Meghna river (77sq.km.). Again, average annual 
precipitation is highest in the Meghna basin (4900 mm) 
followed by Brahmaputra (1900 mm) and Ganges (1200 
mm) basins. In contrast, average annual discharge and 
sediment transport are largest along the Brahmaputra 
river (20000 m3 and 590*106 ton) followed by the 
Ganges (11000 m3 and 550*106 ton) and Meghna (4600 
m3 and 13*106ton) rivers. The sediment discharge into 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1  Map of Meghna Estuary with major channels. 
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the Meghna estuary is the highest (Coleman, 1969) and 
water discharge is third highest (Milliman, 1991) of all 
river systems in the world. 
There are distinct differences between Brahmaputra 
and Ganges river regimes (de Wilde, 2012). The 
Brahmaputra rises on average one month earlier than the 
Ganges, while flow recession in the Ganges river starts 
earlier that the Brahmaputra. The peak flow in the 
Brahmaputra occurs during July while in the Ganges 
River it is delayed until August. Discharge of river water 
into the Meghna estuary at different seasons is highly 
skewed. Some of the measurements done during the 
Meghna Estuary Study (MES) project (MoWR, 1997) 
suggest that in an extreme year, discharge through the 
estuary can be as much as fifteen times during the 
monsoon season compared to that during the dry season. 
It reports that in an average year the discharge through 
the estuary is about 20,000 m3/s during the dry season 
whereas it is 100,000 m3/s during the monsoon. In 
general, dry season (October -March) is the calm period 
in the estuary with weak wind from north and low river 
discharge. In contrast, monsoon season (June-
September) is more vigorous with strong south-westerly 
wind and large river discharge and also higher mean 
water level (de Wilde, 2012).  
Field measurement data on sediment transport and 
morphological change in the Meghna estuary is quite 
scarce. Sokolewicz and Louters (2007) presented some 
important measurement results from their study on 
morpho-dynamics of Meghna Estuary. They reported 
that the bed of the Lower Meghna River consists of silt 
and fine sand with a median bed material grain size 
varying from 16 to 200 μm. Also, more than 70% of the 
bed-materials have a median grain size smaller than 75 
μm. Maximum depth average sediment concentration 
varies between 0.5 and 9 gram/liter during the dry 
season. Sediment concentration becomes about 2-5 times 
higher during spring tide compared to neap tide. Highest 
sediment concentrations were found in the areas Urir 
Char-Char Balua and Manpura-North Hatia. All the 
measurements were made during dry season and they 
predicted that sediment concentration would increase 
significantly during the monsoon with the increase of 
river discharge.  
It is often reported that out of the total 1,100 million 
tons of sediments about one-third is deposited on the 
riverine floodplains and the rest two-thirds or roughly 
700 million tons reach the Meghna estuary where they 
become subject to complex interaction of different 
forcing factors. A significant portion of the sediments in 
the Meghna Estuary are transported towards the western 
coast by longshore currents and subsequently most of of 
these sediments are conveyed into the deep ocean 
through the Swatch of No Ground. Approximately, one-
fifth to one-third of the original supply of 1100 million 
tons are retained in the Meghna Estuary which play 
important role providing the material for land formation 
in the central part of the coast of Bangladesh (de Wilde, 
2012 and Sokolewicz and Louters (2007)).  
Residual circulation in the Meghna Estuary plays an 
important role for the distribution of sediments entering 
the estuary. Jacobsen et al. (2002) performed numerical 
simulations through two-dimensional MIKE 21 model 
during the ‘Meghna Estuary Study’ (MWR, 1997) and 
obtained a counter-clockwise circulation with a 
northward flow in the Sandwip Channel and a southward 
flow in the Tetulia River and in the area from Hatia to 
Sandwip. It was found that residual currents were not 
significantly influenced by wind stress. Hussain et al., 
(2012, 2009a and 2009b) applied a 3D model to 
investigate the seasonal variation of residual circulations 
in the Meghna Estuary considering four different seasons 
following Chowdhury et al., (1997). It was observed that 
throughout the year a counterclockwise circulation exists 
in the Meghna Estuary almost at all the depths. Average 
values of wind stress at different seasons of the year did 
not alter this circulation pattern significantly. Numerical 
experiments suggested that tidal current along with 
Coriolis effect is the primary forcing factor behind the 
counterclockwise residual current in the Meghna 
Estuary. The results showed that residual circulations at 
different seasons were only influenced by wind stress 
when averages of maximum wind stress were applied as 
boundary conditions.  
The tide in the coastal area of Bangladesh is semi-
diurnal in nature and it arrives approximately from the 
south reaching the coast of Hiron Point (south of 
Khulna) and Cox’s Bazar (figure 1) at the same time (de 
Wilde, 2012). The extensive shallow area in front of the 
large delta causes refraction and distortion of tidal 
waves. According to Azam et al., (2000), the incoming 
tides from the southern part of the Bay of Bengal are 
important for the flow features in the Meghna Estuary 
and they contribute to the residual circulation 
significantly. Depending on tidal range, Meghna Estuary 
has been divided into three zones: micro-tidal (0~2m): 
from Tetulia river through to Chandpur, meso-tidal 
(2~4m): from west coast of Bangladesh to north Hatiya 
through south Bhola and south and west coast of Hatiya; 
and macro tidal (4~6m): from east coast of Hatiya to 
south and west coast of Sandwip.  Apart from this the 
area from the Sandwip channel towards north coast of 
Urir Char is considered hyper-tidal with tidal range more 
than 6m (de Wilde, 2012).  
Sediment distribution of both coarse and fine 
fractions in the Meghna estuary is largely influenced by 
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residual current which is primarily dictated by the tidal 
currents. Also, the other important factor which can 
influence sediment distribution especially in the Meghna 
estuary is salinity because a major fraction of the 
sediments in the estuary are fine graded. The salinity 
distribution again is largely affected by the interaction 
between highly varying fresh water inflow from the 
rivers, wind stress and tidal fluctuations. So the 
investigation of tidal characteristics which is essentially 
influenced by the morphologic changes of the Meghna 
Estuary is very important.  
The present paper focuses on the tidal characteristics 
of the Meghna Estuary in relation to its morphological 
changes. 
 
DATA AND METHODOLOGY 
Bathymetry of the Meghna Estuary was obtained 
from the GEBCO (General Bathymetric Chart of the 
Oceans) 30arc-second free source data. Some of the 
observed tidal water level and bathymetry data from 
MES during 1997 was obtained from Water Resources 
Planning Organization (WARPO) of Bangladesh. During 
the field visit in December 2012 under the present study, 
measurements of bed level and time-varying tidal water 
levels were carried out at the northern and south-western 
coast of Urir Char (points A and B in figure 2, 
respectively). Reliable bathymetry and coastline data are 
the most important prerequisites to successfully apply a 
numerical model for the evaluation of flow 
characteristics and later on the morphological changes in 
any hydrodynamic model studies. The GEBCO data has 
reasonably good resolution and also it can be considered 
as comparatively new because the measured bathymetry 
data in the Meghna Estuary dates back 1997. But as 
already mentioned Meghna Estuary is very dynamic 
where coastlines change quite frequently. So these 
inaccuracies of GEBCO data was first rectified, 
especially the locations of coastlines, with the help of 
ALOS-PALSAR (Advanced Land Observing Satellite’s 
Phased Array L-band Synthetic Aperture Radar) satellite 
images. The most dynamic parts of the Meghna Estuary, 
from Hatiya Channel at the western end to the Sandwip 
Channel at the eastern, are covered by these satellite 
images. The latest PALSAR image, available under the 
present study, acquired during April 2011, has been 
employed to obtain the present coastlines of the Meghna 
Estuary area.  
 
Numerical Model 
A 2D depth-average hydrodynamic model based on 
non-linear shallow water wave equations was applied to 
investigate the tidal characteristics in the Meghna 
Estuary area. The model is discretized based on a 
spherical coordinate system and it accounts for Coriolis 
effect for computations of large-scale tidal currents. The 
governing equations of the depth averaged model are 
provided as follows: 
 
(1) 
 
 
(2) 
 
 
(3) 
 
 
(4) 
 
 
(5) 
 
 
(6) 
 
 
(7) 
 
 
(8) 
 
where, 
Fx and Fy accounts for friction forces 
Mx and My accounts for horizontal eddy viscosity 
Rx and Ry are radiation stress terms 
τcx and τcy are bottom friction coefficients 
    is average change in water level  
    is density of sea water  
    is horizontal eddy dispersion coefficient 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2  Bathymetry of Meghna Estuary by correcting 
GEBCO data with observed data with coastlines 
supplemented by PALSAR image. 
 
A 
B 
(m) 
0
y
VD
x
UD
t 





0



x
gRMF
y
U
V
x
U
U
t
U
xxx







0



y
gRMF
y
V
V
x
VU
U
t
V
yyy







D
F cxx



D
F
cy
y
























y
U
yx
U
x
M x 





















y
V
yx
V
x
M y 
HUw



 
M.A Hussain, et al. 
190 
 
The grid size for the numerical model is thirty second 
(about 926m) with 150 grid points along the north-south 
direction and 250 grid points along east-west which 
gives a domain size of 138.9km by 231.5km.  
Bathymetry of the Meghna Estuary after correcting 
GEBCO data with observed data with coastlines 
supplemented by PALSAR image is shown in figure 2.  
The tidal water levels at the southern boundary at 
each grid point was obtained by NAOTIDE (Matsumoto, 
2000), a global ocean tide model. A comparison of input 
tidal water level at the southern boundary is shown in 
figure 3, where the firm line represents water level at the 
western boundary and dotted line represents water level 
at the eastern boundary. It is observed that there is about 
two hour phase difference between water levels along 
the eastern and western boundaries which is consistent 
with the findings of de Wilde (2012) mentioned earlier. 
From the generated tidal water levels it is also observed 
that the tidal amplitude is about 0.5m larger along the 
eastern cost compared to western coast during the spring 
tide which is almost equal along the western and eastern 
coasts during the neap tide. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3  Comparison of input tidal water levels along 
eastern and western boundaries computed from 
NAO99.b.  
 
Model Validation 
The hydrodynamic model was first validated by the 
observed tidal water level data from the Meghna Estuary 
Study during 1997. The bathymetry of the Meghna 
Estuary during 1997 was obtained from observed data 
after modifications of the land area specified by JERS-
SAR image. Locations marked by C, D and E, in figure 
1, indicate the observation points where measured tidal 
water level is available from the MES project.  
Figure 4 shows the comparison between observed 
and simulated tidal water levels at selected three 
locations of figure 6. Red dots are the observed water 
levels, blue lines are the simulated water level and black 
lines are input tidal water levels from NAO.99b at 
southern boundary. Computed water levels at all three 
locations show quite good agreement with observed 
values and support reasonable validity of the present 
numerical model for predictions of the tidal 
characteristics in the region. These three figures also 
indicate how the tidal water levels are amplified by the 
bathymetry more and more as they propagate form the 
southern boundary towards the inner and thus shallower 
part of the estuary at locations A, B and C. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4  Comparison between observed and calculated 
tidal water levels (meter) at three locations shown in 
figure 1. Abscissas represent time in hour. 
 
 
 
 
 
 
 
 
 
 
Fig. 5  Comparison between observed and calculated 
tidal water levels (meter) at two locations shown in 
figure 8. Abscissas represent time in hour. 
 
Figure 5 shows the comparison between observed 
and simulated tidal water levels during 2012 at selected 
two locations of figure 2. Red lines are the observed 
water levels, blue lines are the simulated water level and 
black lines are input tidal water levels from naotide at 
southern boundary. Computed water levels at location A 
A B 
C D 
E 
+2 
 
Tidal Characteristics Affected by Dynamic Morphology Change in the Meghna Estuary 
 
191 
 
(south of Urir Char) show excellent agreement with 
observed data while at location B (north of Urir Char) 
computed results show slightly smaller amplitude 
compared to the observed data. This underestimation 
may be due to inaccurate estimations of the bathymetry 
along  the Sandwip channel and adjacent eastern coast 
since the tide should travel along this channel before 
reaching location B. Water depth along the channel 
should have influence on both traveling time and 
shoaling effects of tide. 
 
Defining Asymmetry and Skewness 
Tidal asymmetry and tidal Skewness are computed 
from water surface profiles ƞ based on Tajima (2004), 
as: 
 
      (9) 
 
                  (10) 
 
                  (11) 
 
where, tc is the time taken by wave profile from zero-
up-crossing to maximum (crest) water level during the 
tidal cycle, Tc is the time taken by wave profile from 
minimum (trough) water level ƞt to maximum (crest) 
water level ƞc and T is the wave period i.e. tidal period in 
this case.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6  Schematic diagram of tidal water level profile 
illustrating the definitions of wave asymmetry and wave 
Skewness parameters. 
 
SENSITIVITY OF FLOOD OR EBB DOMINANCE 
UPON BATHYMETRY AND COASTALINES   
Flood dominated (flood tide duration longer than ebb 
tide) estuaries tends to be transport fine suspended 
sediments in flood direction and vice-versa (Wang, et. 
al.  1999). Shaded areas in Figure 7 show the flood 
dominated regions in the Meghna Estuary, where the top 
panel is during a spring-neap cycle, middle panel shows 
the flood dominated areas during spring to neap and the 
bottom panel shows the same during neap to spring tide. 
The figure clearly suggests that flood dominated area 
increases significantly during the period of spring to 
neap compared to during neap to spring. Also, the 
channels between Urir Char and Sandwip islands remain 
ebb-dominated for the entire spring-neap cycle.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7  Flood dominated regions of Meghna Estuary; top: 
during a spring and neap cycle, middle: during spring to 
neap and bottom: during neap to spring tide.  
 
Sensitivity of flood or ebb dominance upon 
bathymetry change has been tested by changing the 
bathymetry of Meghna Estuary. For this kind of 
investigation the bed-level of the entire Meghna Estuary 
has been lowered by 0.5m and 1.0m respectively keeping 
the coastlines same as the original bathymetry. It is 
expected that the newly formed calculation domains 
would yield the sensitivity of different parameters upon 
bathymetry.  
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Fig. 8  Sensitivity of flood dominated regions of Meghna 
Estuary upon bathymetry; top: original bathymetry, 
middle: 0.5m deeper and bottom: 1.0m deeper than 
original bathymetry.  
 
In figure 8 shaded areas show the flood dominated 
regions in the Meghna Estuary during a spring-neap 
cycle, where the top panel is for original bathymetry, 
middle panel shows the flood dominated areas with 0.5m 
deeper bathymetry and the bottom panel shows the same 
with 1.0m deeper bathymetry. The figure clearly 
indicates that with deeper bathymetry the flood 
dominated region increases and at the same time it 
moves towards south. In other words, with shallow 
bathymetry flood dominance reduces and the flood 
dominated region moves towards north into the Sandwip 
channel.  
The next figure, figure 9 shows the flood dominated 
region when the islands located at the left side of the 
Meghna River mouth are removed from the calculation 
domain. It shows that almost the entire estuary including 
the north-eastern part becomes flood dominated if the 
islands are neglected in calculation. It also suggests that 
the coastline configurations of the off-shore islands also 
have influence on flood dominated region by pushing it 
away towards the south. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9  Flood dominated regions of Meghna Estuary 
when the islands at the north-eastern corner are 
neglected.  
 
ASYMMETRY DURING SPRING AND NEAP 
TIDES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 10  Distribution of As2 during spring to neap (top 
panel) and during neap to spring (bottom panel) tide.  
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The difference in tidal asymmetry between spring to 
neap tide and neap to spring tide can be clearly observed 
from figure 10 where top panel represents the 
distribution of As2 values during spring to neap and 
bottom panel neap to spring. It is clearly evident that 
asymmetry tends to be much higher during the time from 
spring to neap tide. 
 
SENSITIVITY OF ASYMMETRY AND 
SKEWNESS UPON BATHYMETRY AND 
COASTLINES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 11  Sensitivity of As1 upon bathymetry; top: original 
bathymetry, middle: 0.5m deeper and bottom: 1.0m 
deeper than original bathymetry.  
 
Figure 11 shows the distribution of As1 values in the 
Meghna Estuary during a spring-neap cycle, where the 
top panel is for original bathymetry, middle panel shows 
the same with 0.5m deeper bathymetry and the bottom 
with 1.0m deeper bathymetry. The figure clearly point 
out that, maximum values of As1 appear along the 
narrow channels at the north and west of Urir Char and 
also with deeper bathymetry asymmetry As1 is reduced 
significantly. Similar results are obtained for asymmetry 
As2 also which is shown in figure 12 where the top panel 
is for original bathymetry, middle panel shows the same 
with 0.5m deeper bathymetry and the bottom with 1.0m 
deeper bathymetry 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 12  Sensitivity of As2 upon bathymetry; top: original 
bathymetry, middle: 0.5m deeper and bottom: 1.0m 
deeper than original bathymetry. 
 
The figure clearly suggests that, maximum values of 
As2 also appear along the narrow channels around Urir 
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Char and As2 also reduces significantly with deeper 
bathymetry. 
Figure 13 shows the distribution of Skewness values 
in the Meghna Estuary during a spring-neap cycle, where 
the top panel is for original bathymetry, middle panel 
shows the same with 0.5m deeper bathymetry and the 
bottom with 1.0m deeper bathymetry. The figure clearly 
highlights that, with deeper bathymetry the a highly 
skewed zone (vertical unevenness), located at the south 
of Sandwip island and along the west coast of 
Chittaging, extends in size. This result can be correlated 
with figure 8 where flood dominated area (horizontal 
unevenness) increased in size with increase of water 
depth. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 13  Sensitivity of Skewness (sk) upon bathymetry; 
top: original bathymetry, middle: 0.5m deeper and 
bottom: 1.0m deeper than original bathymetry. 
Figure 14 shows the distribution of asymmetry As1, 
As2 and Skewness, sk values during a spring-neap cycle 
at the top, middle and bottom panels, respectively. In 
these cases the coastline configurations of the Meghna 
Estuary have been changed by neglecting the offshore 
islands at the north-eastern region. From the top panel it 
appears that when the coastlines have been changed tidal 
asymmetry As1 appears at the north-eastern part and at 
the south of Bhola island. At area south of Sandwip 
island does not show tidal asymmetry As1 as in case of 
original bathymetry (top panel of figure 11). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 14  As1, As2 and Sk at Meghna Estuary when the 
islands at the north-eastern corner are neglected. 
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The distribution of As2 values at the middle panel of 
figure 14 suggests that the removal of islands also 
eliminates the appearance of highly asymmetric tides 
which is exists in case of original coastal configuration 
(top panel of figure 12). The distribution of Skewness 
values after the removal of the north-eastern islands 
show that a small region of skewed tidal zone appears at 
the east of Bhola island. This is significantly different 
from the Skewness of the tidal waves generated by the 
original bathymetry where the region of skewed waves 
appeared between the south of Sandwip island and 
western coast of Chittagong.  
 
SENSITIVITY OF TIDAL PHASE UPON 
BATHYMETRY 
The asymmetry of vertical tide usually refers to the 
distortion of the predominant semi-diurnal tide. The 
phase difference can designate the nature of asymmetry. 
Harmonic analyses of the tidal waves during a complete 
spring-neap cycle have been done which takes into 
account of total nine constituents including M2, M4, Q1, 
O1, P1 and K1 components. Such kind of analysis could 
not be done for the shallow and narrow areas of the 
estuary. Figure 15 shows the sensitivity of the phase of 
M2 tidal constituent, where the top panel shows the 
phase distribution for original bathymetry, the middle 
panel shows the distribution with 0.5m deeper 
bathymetry and the bottom panel shows the same with 
1.0m deeper bathymetry. This figure clearly indicates 
that the M2 constituent phase difference between the 
northern and southern parts of the estuary is considerably 
increased with deeper bathymetry. This would also 
suggest that if the northern part of the Meghna Estuary 
further gets shallower by sedimentation the phase 
difference between the northern and southern part would 
be reduced which would promote added sedimentation.  
 
DISCUSSION  
Horizontal tidal asymmetry, as defined by Wang et 
al.(1999), the difference in the magnitude between 
maximum ebb and flood velocities has not been 
considered in the present study. This type is asymmetry 
tends to induce a residual be load transport and 
suspended load transport of coarse sediments. The 
difference between the duration of slack water is the 
second type of tidal asymmetry, termed as vertical 
asymmetry, has been considered in the present study. 
This type of asymmetry essentially affects the residual 
transport of fine suspended sediments which is very 
important for Meghna Estuary. A situation in which the 
duration of slack water before ebb exceeds the duration 
of slack water before flood favors residual sediment 
transport in flood direction.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 15  Sensitivity of phase (radians) of M2 tidal 
constituent upon bathymetry; top: original bathymetry, 
middle: 0.5m deeper and bottom: 1.0m deeper than 
original bathymetry. 
 
Under such context even though the narrow tidal 
channels around Urir Char are ebb dominant in reality 
they are accreting area. This might be due to the fact that 
the entire region south of Sandwip island is flood 
dominant (figure 7) which also converges towards north 
when bathymetry gets shallower (figure 8) which may 
happen due to sedimentation. So the sediments inside the 
narrow channels around the Urir Char may be trapped by 
the flood dominant zone at the south. The highly 
asymmetric tides in this region (figures 11 and 12) 
further enhances the sedimentation process in the narrow 
channels around the Urir Char and also western part of 
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Sandwip island. Shallowness of the estuary further 
increases the asymmetry of tides.   
 
CONCLUSION 
A 2D depth-average hydrodynamic model based on 
non-linear shallow water wave equations was applied to 
investigate the tidal characteristics after validation with 
observed water level data. Analyses of tidal water levels 
show that tidal asymmetry increases with proximity to 
the coast and reduces with increasing bathymetry. In 
contrast, the zone of tidal Skewness increased in area 
with increasing water depth. Larger phase difference was 
observed in the north-south direction which increased 
with increasing bathymetry. The southern coast of 
Khulna and western coast of Chittagong and along the 
narrow tidal channels the estuary is ebb-dominated. But 
in reality the narrow channels at the northern and 
western part Urir Char are accreting which might be due 
to the large flood dominated area at the south of Sandwip 
island trapping the sediments around Urir Char and 
nearby islands.  
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